A sulphamidase and a sulphoesterase were isolated from adapted cells of Flavobacterium heparinum. These enzymes were partially purified from the 'heparinases' present in the bacterial extracts and characterized. The sulphamidase has a high specificity for glucosamine N-sulphate and glucosamine 2,6-disulphate. The activity decreases sharply with increasing molecular weight of the substrates tested. The sulphamidase and the sulphoesterase activities were distinguished from each other by their different sensitivities to concentration of phosphate ion and to temperature. The importance of these enzymes in the study of the structure of heparin is discussed.
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Degradation of heparin by enzymes from adapted cells of Flavobacterium heparinum has led to the identification of several structurally related degradation products by Linker & Sampson (1960 ), Linker & Hovingh (1965 and Dietrich (1968a) . Among these products, glucosamine N-sulphate, glucosamine 2,6-disulphate, di-and tri-sulphated disaccharides and oligosaccharides were isolated by Dietrich (1968a) . Besides these compounds it was also observed by J. C. Karapally & C. P. Dietrich (unpublished work) that free glucosamine is liberated during the enzymic degradation. The presence of glucosamine and glucosamine Nsulphate among the degradation products ofheparin could lead to the interpretation that these sugars are part of the intact molecule of heparin and would be released from heparin by the action of the 'heparinases' present in the crude enzymic extract. A second possibility is that they could have originated from one of the major isolated degradation products such as glucosamine 2,6-disulphate by a secondary enzymic degradation. If the latter is true, one would expect the presence of a sulphamidase and a sulphoesterase in the enzymic system. The existence of such enzymes in F. heparinum was suggested by Korn & Payza (1956) and by Korn (1957) , who observed the appearance of free amino groups as well as an increase in periodate-oxidizable products after degradation of heparin by F. heparinum. Sulphoesterase activity has been described in F. heparinum as well as in other micro-organisms that split sulphate groups from mucopolysaccharides or their degradation products: this was reviewed by Dodgson (1966) . The present paper describes the isolation and characterization of a sulphamidase and a sulphoesterase from F. heparinum. A preliminary account of this work has appeared (Dietrich, 1968b) .
MATERIALS AND METHODS
Micro-organism. Slants ofF. heparinum were generously given by Dr A. Linker, and also purchased from the American Type Culture Collection (collection no. 13125). The cells were initially transferred to 50ml. of trypticasesoy-broth-without-dextrose medium containing 150mg. of heparin/l. After growth for 36hr. at room temperature, 10ml. of the cell suspension was transferred to 31. of the same medium and further agitated for 24hr. The cells were then harvested and washed twice with 0-02 M-sodium acetate buffer, pH 7-0, and freeze-dried.
Preparation of enzyme fractions. A sample (100mg.) of freeze-dried cells was resuspended in lOml. of 0-02M-sodium acetate buffer, pH7-0, and treated ultrasonically for 5min. in a Bronwill Sonicator with cooling. The suspension was diluted to 30ml. with buffer and centrifuged at lOOOOg for 15min. The supernatant was collected and centrifuged at 100OOOg for lhr. The pellet formed was washed twice with 30ml. portions of acetate buffer with subsequent centrifugation and finally resuspended in 2 ml. of the same buffer. Lowry, Rosebrough, Farr & Randall (1951) . Reducing sugars were detected on thin-layer and paper chromatography by the AgNO3 reagent. Oligosaccharides and heparin were detected by the toluidine blue reagent as described by Dietrich (1968a) . Amino sugars were measured afteracidhydrolysis (4N-HCl at 1000 for4hr.) bythemethod of Glick (1958) . The specific radioactivity of the substrates was calculated by relating the content of glucosamine in a compound to its amount of radioactivity. To find whether the sulphamidase acted directly on heparin or on its degradation products, a separation of the activities characterized as 'heparinases' from the sulphatase activities was necessary. This was achieved by centrifugation of the extract at 100 00g, as shown in Table 1 .
The 100 OOOg 'washed pellet' had the higher sulphamidase activity, whereas the 'heparinases' Table 2 . Glucosamine N-sulphate and glucosamine 2,6-disulphate were indeed the best substrates for the sulphamidase. There was also some release of inorganic sulphate from the N-sulphated oligosaccharides and heparin. This could be explained by the contamination of my sulphamidase preparation with some 'heparinases' activities (Table 1) . These enzymes degrade the oligosaccharides and heparin to glucosamine 2,6-disulphate, from which inorganic sulphate would ultimately be released. Nevertheless the possibility that the oligosaccharides and heparin could be poor substrates for the sulphamidase was not completely ruled out. Sulphamidase and 8ulphoe8tera8e activitieB in the 100 OOOg pellet from adapted cellM of F. heparinum. due to the activity of the sulphamidase. The sugars released by the action of the sulphamidase and the sulphoesterase were also studied with non-labelled substrates. As shown in Plate 3, glucosamine N-sulphate was converted into glucosamine by the sulphamidase in the presence of phosphate, which inhibits the sulphoesterase activity. When this incubation was carried out in the absence of phosphate and with glucosamine 2,6-disulphate as substrate two products were formed: glucosamine N-sulphate and glucosamine. The formation of glucosamine N-sulphate is accounted for by the sulphoesterase activity and the formation of glucosamine was due to the action of both the sulphamidase and the sulphoesterase.
No accumulation of glucosamine 6-sulphate (which remains at the origin in the electrophoresis) was noticed in this experiment. This result suggests that this compound (formed by the action of the sulphamidase) might be a better substrate for the sulphoesterase than glucosamine 2,6-disulphate.
Several properties distinguish these two enzymes. Fig. 1 shows that the optimum temperature for the sulphoesterase was about 450 whereas that for the sulphamidase was 250. The sulphoesterase was readily inhibited by phosphate in low concentration (0.03M), whereas the sulphamidase was inhibited only at higher concentration (Fig. 2) . The differences in properties between the two enzymes enabled me to determine their apparent Km values without any further purification. The apparent Km values were 1-3 x 10-4M for the sulphamidase and 8 x 10-5M for the sulphoesterase, when glucosamine 2,6-disulphate was used as substrate (Fig. 3) .
Other propertie8 of the enzyme8. The activity of both enzymes showed a broad pH range between 6 and 8 with an optimum at about pH 7. Both enzymes were quite stable during the incubation period and were activated by Mg2+ ions with optimum concentration about 1 mm. 'pellet' in 5mM-MgCI0*03M-sodium acetate buffer, pH7.0, in a total volume of 20,u1. After incubation for 30min. at the temperatures indicated, the reaction was stopped by heating (1000 for 1 min.) and the mixture was subjected to paper electrophoresis and radioautographed. Conen. of phosphate (M) Fig. 2 . Effect of phosphate concentration in the sulphamidase (e) and sulphoesterase (A) activities. Assays were carried out as described in Fig. 1 except that the temperature of incubation was 250 for the sulphamidase activity and 450 for the sulphoesterase activity, and phosphate was added at the concentrations indicated.
DISCUSSION
The major difficulty in the study of the sulphatases from F. heparinum has been the lack of adequate substrates for these enzymes (Dodgson, 1966 N-&ulphate-35S-labelled degradation products, it was possible to overcome this difficulty and disclose some of the characteristics of the two enzymes.
The isolated sulphamidase has a high specificity for glucosamine 2,6-disulphate and glucosamine N-sulphate, and is not inhibited by phosphate. It is temperature-sensitive with almost no activity at 450. Korn & Payza (1956) , using crude extracts of F. heparinum, observed that at 450 there was no degradation of heparin. They suggested that this was due to the inactivation of a sulphamidase 94 Vol. 111 ENZYMIC DEGRADATION OF HEPARIN 95 present in the crude extract. These authors suggested that the sulphamidase would be the first enzyme to act on heparin, removing N-sulphate groups from the molecule and rendering it susceptible to the action of hydrolases that are not temperature-sensitive. The hydrolases referred to are those that hydrolyse chondroitin sulphate and hyaluronic acid, and are also present in the crude extract.
My observations on the specificity of the sulphamidase towards glucosamine 2,6-disulphate rather than heparin suggests a different sequence in the degradation process in which the molecule would be first hydrolysed to glucosamine 2,6-disulphate. The fact that Kom & Payza (1956) did not obtain any degradation of heparin at 450 could be explained by the presence ofspecific temperaturesensitive 'heparinases' in the F. heparinum grown on heparin.
The sulphoesterase activity was inhibited by low concentration of phosphate and had optimum activity at 45°. These properties are similar to those described for the Flavobacterium and Proteus sulphoesterases.
The results obtained with these two enzymes permit some important considerations of the fine structure of heparin. The specificity of the sulphamidase and sulphoesterase towards glucosamine 2,6-disulphate suggests that the desulphation occurs at the monosaccharide level. Thus glucosamine and glucosamine N-sulphate seem to be formed from glucosamine 2,6-disulphate and not to be present as such in the heparin molecule.
